Abstract -Properties of a poly(arylene ether ketone) with carboxyl side groups, copolymers containing units of this homopolymer, and their salts with different degrees of neutralization by alkali metals were studied by the methods of dynamic mechanical analysis, thermogravimetric analysis, and differential scanning calorimetry. By varying the nature of a metal atom and the degree of neutralization of carboxylic groups of a homopolymer and their content in copolymers, one may change the properties of polymers, including their ability to form ion pairs and, hence, their glass transition temperatures. For polymer salts at the 100% neutralization of carboxylic groups, the storage modulus and the glass transition temperature are shown to increase with decreasing the radius of the metal ion. The thermal stability of poly(arylene ether ketone) with carboxylic side groups and copolymers with different contents of such groups may be controlled by varying the nature and content of the introduced metal.
INTRODUCTION
In recent years, new aromatic polymers with increased chain rigidity of their backbone have been synthesized; such polymers contain polar side groups, which provide strong interaction between macromolecules. In particular, poly(arylene ether ketone) containing a carboxylic side group in each monomer unit (polymer P-1) was synthesized [1] [2] [3] .
The introduction of carboxylic groups presents a very promising approach because this group is capable of both ionization and formation of hydrogen bonds
with different groups; as a result, modified polymers should acquire additional specific properties.
Investigation into the structure and properties of the above aromatic polymers with different levels of neutralization of side ionogenic groups are of evident interest for studying the effect of polymer chain rigidity and specific intermolecular interactions on ionomeric properties of polymers.
As is known, the degree of neutralization may be changed by the introduction of various amounts of univalent metals. Another method for varying the content of ionic groups concerns the use of copolymers with different contents of carboxylic groups and their further treatment with alkali.
As was shown in our earlier work, the interaction of polymer P-1 with hydroxides of univalent metals leads to the formation of polymer salts, which show the properties of polyelectrolytes in dilute solutions [3] . As the concentration of the polymer is increased, the polyelectrolyte state of the salt is transformed into the ionomer state, which is characterized by the presence of (polymer-metal ion) pairs rather that free metal ions [4] [5] [6] [7] . In the literature, the properties of flexible-chain ionomers and their dependence on the nature and concentra- tion of metal ions are described in detail; at the same time, information for rigid-chain polymers is scarce. In this study, we examined the effect of the nature and concentration of the added metal on the dynamic mechanical and thermal properties of the salts of poly(arylene ether ketone), which is characterized by an increased chain rigidity and the presence of side carboxylic group in each unit. We also studied copolymers with different contents of carboxylic groups.
EXPERIMENTAL
We synthesized polymer P-1 and random copolymers, in which the content of fragments with side carboxylic groups was reduced owing to the introduction of fragments without such groups: copolymers based on 4,4'-difluorobenzophenone and two diphenols, such as 4,4'-dihydroxy-2'-carboxytriphenylmethane ( p ) and 2,2'-bis(4'-hydroxyphenyl)propane ( q ), where the content of component p = 0.05-0.75.
We also studied their potassium, sodium, and lithium salts.
According to the data of light scattering, the molecular mass of homopolymers and copolymers with p = 0.05-0.25 and 0.75 was (40-60) × 10 3 ; the molecular mass for copolymer with p = 0.5 was 22.5 × 10 3 and 22.3 × 10 4 [3] . Procedures for the introduction of metal ions and methods for the estimation of degree of neutralization were described in detail in [3] .
The thermomechanical characteristics of the samples were studied on a UIP-70 device at a pressure of 0.1 MPa; the heating rate was 2.5 K/min
The dynamic mechanical characteristics of films were studied on a DuPont DMA-983 instrument at a frequency of 1 Hz and a heating rate of 1 K/min. Films were prepared by molding at 200-240 ° C (depending on the content of metal in the polymer and the composition of the polymer) and at a pressure of 10-12 MPa.
TGA measurements were performed on a MOM Derivatograph-C in air at a heating rate of 5 K/min. DSC measurements were carried out on an Mettler882e differential scanning calorimeter in argon atmosphere at a heating rate of 20 K/min. The glass transition temperature was estimated as the middle point of the corresponding peaked step in the DSC thermograms.
RESULTS AND DISCUSSION

Effect of the Content and Nature of Metal on Degradation and Glass Transition Temperatures
of Polymers To assess the upper temperature limit of workability, we studied the thermal stability of polymer P-1 and its salts. As follows from Fig. 1 , the introduction of atoms of alkali metals leads to a marked depression in the thermal stability of P-1.
The onset of thermal degradation is estimated as the temperature corresponding to the 5% weight loss; for Fig. 1 . Thermogravimetric curves for ( 1 ) polymer P-1 and ( 2 ) its lithium and ( 3 -6 ) potassium salts. The degree of neutralization of carboxylic groups is ( 2 , 3 ) 100, ( 4 ) 70, ( 5 ) 20, and ( 6 ) 5%.
